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Executive Summary

The issue concerning the expansion of LORAN-C coverage into the Eastern
Caribbean is addressed in this study. In this sense, it is not only a conventional
benefit/cost analysis but also a study which probes many of the underlying
elements regarding the expansion decision. In addition to an evaluation of the
relative quantitative and qualitative attributes of the LORAN-C expansion,

Differential Omega is assessed as an alternate to LORAN-C.

The drive for the expansion of LORAN-C into the Eastern Caribbean is
motivated in part by requests from various local government, economic and
maritime organizations in the Puerto Rico-Virgin Islands area who perceive this
expansion as a means of improving the marine safety and economic viability of the
region. Further, the designation of LORAN-C as the government-provided
navigation system for the Coastal Confluence Zone raised the question as to
whether such coverage should incfude the Caribbean Coastal Confluence Zone; that
is, the contiguous waters surrounding Puerto Rico and the Virgin Islands. This
study projects the impact of both LORAN-C and Differential Omega upon vessel
safety and the maritime economy in not only the Puerto Rico-Virgin Islands region,

but also in the entire Eastern Caribbean.

Three LORAN-C system expansion alternatives are considered: a regional
(Midi) chain covering the local waters surrounding Puerto Rico and the Virgin
Islands and two wide area chains covering the entire Eastern Caribbean. Two cost
options are addressed for the wide area chains: the United States assumes the full
cost burden or; the costs are shared with a host nation. The investment costs for
these options range from $30 to $41 million for the wide area chains to $15 million

for the Midi Chain (FY82 dollars). Cost sharing will lower the investment costs by

Xv




approximately 50 percent. The Differential Omega investment costs are assumed

to be $400 thousand.

The results of this study are based upon detailed assessments of the current

status and projected trends for the large and small commercial marine operators,

probable future directions for the Puerto Rico-Virgin Islands fishing industry and

the growth and distribution of the recreational boater.

The following conclusions were drawn with respect to the costs and benefits

of the LORAN-C expansion or, alternatively, the introduction of Differential

Omega.

(o]

In the aggregate, the benefit/cost ratios for any of the LORAN-C
system alternatives or options do not reach a level commonly deemed
necessary to justify a favorable investment decision. In the most
optimistic configuration, the life cycle benefits barely exceed the
life cycle costs. On the other hand, an investment decision regarding
Differential Omega appears promising from a benefit/cost criterion.
A benefit/cost time stream for both LORAN-C and Differential

Omega is shown in Figure 1.

16.0 — DIFFERENTIAL
OMEGA

.
[Vl
[=3
(=)
= 12.0
[T
(Y]
]
o
8.0
4.0 |-

LORAN-C
ALL ALTERNATIVES

1985 1990 1995 2000
YEAR

FIGURE 1l: LORAN C AND DIFFERENTIAL OMEGA BENEFIT/COST TIME STREAM
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o Benefits were derived from improved vessel productivity and
enhanced vessel safety; government benefits (principally Coast s
Guard) were obtained from service and operational savings. No single i
benefit was sufficiently large so as to constitute a major, overriding
element in the final results.

o Productivity benefits were based on fuel savings through improved

accuracy in navigation and from the ability to determine port arrival

and schedule times with greater precision. Safety benefits stemmed !
from reduced vessel groundings and savings in insurance premiums.
o As well as benefit/cost ratios, other measures of system value were

used. These were the benefits and costs generated as a function of

I

vesse! traffic density and the benefits and costs per square mile of
system coverage. These measures were used to evaluate relative

system merits among the LORAN-C alternatives. The Midi chain was

<

the most promising in the basis of benefits generated per vessel,
however it is also least promising on the basis of costs per vessel. "
The Midi chain is similarly rated based on the costs and benefits per
square mile of coverage.

o The technical and operational feasibility of Differential Omega in the
Eastern Caribbean has yet to be established and because of the ,
availability characteristics of Omega, it may not meet the navigation |
requirements of the Coastal Phase of navigation in this region.

o In the Differential Omega Alternative, the benefits generated per
vessel are similar to the two wide area chains; on the basis of vessel-

generated costs, it is lower by nearly an order of magnitude than the

most favorable LORAN-C system (High Power Chain). On the basis




of benefits generated per square mile of coverage, it is the most
favorable of all alternatives while on the basis of costs per square
mile, it is equivalent to both of the wide area chains. However,
because of the small number of Differential Omega users, the
absolute dollar value of benefits is the lowest of all alternatives.

The benefits attributable to NAVSTAR GPS were not specifically
determined although this system may prove to be a valid substitute
for all radionavigation systems, either current or contemplated, in
the Eastern Caribbean. The advent of this system could significantly
affect the number of ships that equip with LORAN-C or Differential
Omega. This, in turn, would lower all projected benefit-cost ratios
thereby making all system alternatives investigated even less
promising. Some large marine operators have already indicated their
intent to defer the acquisition of any additional radionavigation
systems until the availability of NAVSTAR GPS.

Coast Guard benefits were attributable to savings in the search and
rescue effort for a given level of capability and to cost avoidance and
improvement in capability in the Marine Environment Protection
mission.

As a secondary benefit, both Differential Omega and LORAN-C
would provide a navigational capability which would permit the
introduction of Vessel Traffic Separation Lanes in congested seaways

and passages.

oy




o The impact on the LORAN-C benefit/cost ratio of a major
navigation-related casualty was assessed. While increasing the
benefit/cost ratio substantially, such impact would not raise this
ratio to the level of a favorable investment decision.

o Political benefits, while treated only peripherally in this study, may
by implication from external events, override the quantitative

benefits.




l. INTRODUCTION

i.I BACKGROUND

Radionavigation coverage in the offshore regions of the United States is
currently provided by LORAN-A and LORAN-C. Included in LORAN-A capability
is ground wave fix coverage of the northwest corner of the Caribbean. On
December 31, 1980, LORAN-A coverage is scheduled for termination. With the
termination of LORAN-A, radionavigation capability in this region is provided in
part by LORAN-C. While LORAN-C and LORAN-A both provide similar coverage
of the Caribbean, LORAN-A coverage in the Bahama Islands is greater. On the
other hand, LORAN-C provides improved coverage of the Florida Straits. Neither
system has groundwave fix coverage of the waters surrounding Puerto Rico and the
Virgin Islands (Caribbean Coastal Confluence Zone).

The Coastal Confluence Zone in its strictest definition includes not only the
contiguous waters of the United States, but also the offshore waters surrounding
Puerto Rico and the Virgin Islands. LORAN-C has been designated by the
Secretary of Transportation as the government-provided navigation system for the
U.S. Coastal Confluence Zone. By June 1, 1982 all Commercial vessels of 1600 GT
or more calling at ports in the continental U.S. are required to be equipped with
LORAN-C or satellite-based hybrid receivers. The designation of the Coastal
Confluence Zone has been interpreted by some parties to include LORAN-C
coverage in the Caribbean region, particularly Puerto Rico and the Virgin Islands-
-regions which heretofore did not have fix coverage. In addition, there has been
the mistaken belief that the termination of LORAN-A coverage will leave certain
Caribbean areas without LORAN coverage, when in fact, such coverage has never

existed.

L
|
|
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Motivation for the expansion of LORAN-C into this region is based in part on
safety and in part on economic reasons. The Governors of Puerto Rico and the
Virgin Islands have requested additional LORAN-C coverage as a possible means of
extending navigational capability in this area and enhancing the economic viability
and maritime safety of these islands. Ship owners and agents have requested
coverage of this area as a means of improving vessel operations and increasing the
utility of the LORAN-C receivers already installed. However, most of the
pressure for LORAN-C expansion in the private sector has come from the
recreation and boating community who are urging LORAN-C coverage of the
principal Caribbean cruising waters (mainly the Bahamas, Virgin Islands, and
Leeward Islands).

Within the framework of possible LORAN-C expansion is the possible
availability of NAVSTAR GPS. This latter satellite-based system although not
curtently available could provide not only equal or greater accuracy and
availability but also world-wide coverage including all of the Caribbean. If and
when available NAVSTAR GPS should be considered as a viable alternative to
expanded LORAN-C coverage.

In addition, as a low cost alternative to LORAN-C, the application of
Differential Omega must also be considered. Such a system would provide
comparable confluence zone coverage and accuracy, can be installed and
maintained by the government relatively inexpensively and will complement a
similar system already planned for the French West Indies by the French
Government. The role for Differential Omega is addressed in this study as an
alternate to Eastern Caribbean LORAN-C coverage.

The question must be asked: Are the benefits to be gained sufficient to
justify an expansion of LORAN-C or other comparable systems into an area where

some navigation coverage already exists and where continuous world-wide
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coverage is expected to be provided by satellite systems within the next 5 to 7
years? This report attempts to put in perspective the economic and safety needs .
of the various marine entities for improved navigation vis-a-vis the costs and

benefits which may accrue.

1.2 SCOPE AND OBJECTIVES ; j
: This report is an appraisal of the costs and benefits of an expansion of |
LORAN-C coverage into the Eastern Caribbean; other alternate systems

(NAVSTAR GPS, Differential Omega) are addressed where appropriate but in less

detail. Inasmuch as LORAN-C or other contending systems would not be available i
in the Caribbean until the mid 1980's, the data presented are based on projections !L
'
and trends. Where uncertainty exists, ranges of values are shown, i
The objective is to provide an early indication of the requirements, if any, for
enhanced coverage of LORAN-C in the Caribbean together with the government
costs for such augmentation. Implicit in this objective is a consideration of the
cost impacts upon the user as well as an evaluation of the benefits which may
accrue both to the user and to the government. These benefits and costs are
considered not only within a structure of current and conceptual system
alternatives but also within a framework of marine operations in the Caribbean.
This latter area includes the economic environment, trade and traffic patterns,

hazards to navigation and vessel casualties.

1.3  ASSUMPTIONS
In this study, the eastern Caribbean is defined as that region generally east of
70°W and extending to 60°W, and from 10°N to 20°N. The Bahamas are defined as

that region east of 80°W to 70°W and from 20°N to 28°N. Included in this study

are the principal islands of the Caribbean, and the north coast of Venezuela. While




this study focuses on the islands of Puerto Rico and the Virgin Islands, the other
islands are also considered, but at a lesser level of detail and analysis. Where
relevant, the Bahamas have been included in this study since this region interacts
with the Eastern Caribbean principally because of the U.S. recreational boating
traffic which moves through the region enroute to the Virgin Islands and Lesser
Antilles. Not included are the Panama Canal Zone and Central America.

Civil marine users are deemed to be the principal beneficiaries although
Coast Guard air and marine users are also considered. Of the civil marine users,
only these vessels (both U.S. and foreign flag) engaged in U.S. trade or calling at
Continental U.S., Puerto Rico or Virgin Islands ports were considered. Foreign
vessels engaged in foreign trade or transiting through the Caribbean were outside
of the scope of this study although it is probable that these vessels would derive
benefits from LORAN-C system expansion.

Civil aviation users are assumed to be outside the area of interest inasmuch
as the FAA has certified OMEGA to replace LORAN-A and hence there is no
aviation requirement for LORAN-C in the Eastern Caribbean (Reference I, 56).
However, FAA certification of the aviation use of Omega is obtained only upon
request from the individual airlines. Further, such certification is limited to the
Oceanic phase of navigation and is restricted to the region between 70°N and 45°s.
At present, only Pan American Airways has received certification for Omega.
Military users were not considered because the stated DOD position assumes that
LORAN-C will be phased out in favor of NAVSTAR GPS when the latter system
becomes operational (Reference 1).

Only the coverage provided by LORAN-C ground wave is considered. At this
time the quality of coverage for LORAN-C sky waves is unknown and a definition
of their utility for navigation will require a program of monitoring and surveying

beyond the scope of this study.
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NAVSTAR GPS is assumed to be fully operational by 1987 (Reference 1).
Current estimates indicate that this date may slip to the latter part of the decade.
Differential Omega is assumed to be available within the time frame of the
LORAN-C expansion alternatives (in place and operational by 1984) and that it is
technically and operationally feasible.

Additional specific assumptions are addressed in the individual sections where

they appear.
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2.  DISCUSSION OF THE PROBLEM

This section addresses the need for government provided navigation services
in terms of the legal and political issues which have been used as arguments for the
development and implementaion of previous electronic systems. In the past, most
of the electronic navigation systems have had their development motivated by
wartime expediency. For example, the development of LORAN-C was initially
under the aegis of the Department of Defense and it was justified under the
argument that it is a requirement for national defense.

LORAN-C has now become principally a civil system, operated by the Coast
Guard. Similarly, other DOD systems are expected to become civil systems in the
near future. Omega is operated by the Coast Guard with funding provided by DOD.
Current plans are for Omega to become fully funded by the Coast Guard in FY8I1.
Both of these systems were initially introduced and expanded to meet DOD
requirements.

The issue is the justification of the expansion of LORAN-C into the Eastern
Caribbean as a purely civil system. Implicit in this issue is the extent to which the
government has a responsibility to provide civil navigation service not only in U.S.
waters but in foreign waters as well. As a civil issue, the requirement for
radionavigation service can be addressed on the grounds of safety; that is, will the
availability of a radionavigation system reduce accidents, save lives, lower
property damage and reduce pollution?

There are international conferences and agreements which have addressed
the issue of safety at sea. The Intergovernmental Maritime Consultative
Organization (IMCO) is an agency of the United Nations which served to promote

international cooperation in maritime shipping, and in particular safety of life at

sea. The International Convention for Safety of Life at Sea in 1960 (SOLAS 60) has




established international regulations with respect to improving vessel safety.
Neither of the organizations or conferences have countenanced the installation of
any radionavigation receiver equipment except the radio direction finder. SOLAS
60 has required that all ships above 1600 GT be equipped with a radio direction
finder receiver; however this requirement may be exempted by any nation for ships
less than 5000 GT. IMCO has no current requirement for the installation of
common shipboard radionavigation equipment. However, IMCO appears headed
toward the acceptance of several systems including LORAN-C which a nation may
make mandatory for a foreign vessel calling at its ports.

On the national level, the United States has adopted a regulation requiring
that all vessels entering the Coastal Confluence Zone be equipped with an
electronic position fixing device meeting the standards established for LORAN-C
(Reference 2). One of the motivating factors for this proposed regulation is the
availiability of a LORAN-C signal in the Coastal Confluence Zone of the U.S. The
principal rationale for the regulation is the promotion of marine safety and the
reduction of the probability of pollution.

In the Eastern Caribbean the proposed configurations for the extension of
LORAN-C range from limited coverage surrounding the Coastal Confluence Zone
of Puerto Rico and the Virgin Islands to major chains covering the entire Eastern
Caribbean. While the legal requirement for the former chain might be justified
under the designation of LORAN-C as the government provided system for the
Coastal Confluence Zone, the justification for the latter chains are not so clear.
Title 14 permits the construction of electronic aids to navigation anywhere in the
world to serve the needs of the maritime commerce of the United States. Puerto
Rico and Virgin Island coverage could be justified under Title 14; however it is
debatable whether larger area coverage is equally justifiable. Such wide area

chains would cover foreign and international waters and provide signal availability




to all users and all interests, particularly foreign shipping. Because of the
international aspects of these latter wide area chains, the rationale for their
construction and operation should be amenable to cost sharing or partnership
agreements similar to those negotiated for Omega and other jointly operated

radionavigation systems.

Under the requirements of national defense coverage of all global areas was
justified. Subsequent to their implementation, systems covering these areas have
been made available to the international user either through joint operation of the
system (Omega) or through unrestricted signal availability (Transit). In addition, a
third defense-based system (NAVSTAR GPS) is being considered for
implementation in this decade with partial or complete signal availability to the
civil sector,

Will LORAN-C extended into the Caribbean merely provide redundant
coverage or is there a viable role for this system in the near and mid- range era
such that it is economically, operationally and politically justifiable both to the
user and system operator? The foundation of this study is an examination of the

underlying technical, safety and economic issues justifying this expansion.
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3. CHARACTERIZATION OF THE CARIBBEAN REGION
3.1 ECONOMIC ELEMENTS THAT AFFECT MARINE TRAFFIC
3.1.1 General

In general, the Caribbean region is characterized by underdeveloped
economies. Many islands have not managed to create the conditions which are
conducive to economic development and as a result, many of the economies are
based primarily on agriculture, fishing, tourism and secondarily on handicraft and
small scale manufacturing, The major exception to this is Puerto Rico which
through "Operation Bootstrap”" in the 1960's created an economic environment
which was conducive to the establishment of manufacturing and production
facilities by major U.S. mainland corporations. This economic growth has
increased marine traffic not only between Puerto Rico and the U.S., but Europe

and South America as well.

3.1.2 Agriculture and Fishing

Although the climate in the Caribbean region is conducive to
agriculture, cultivation methods, lack of trained personnel and modern specialized
machinery limits the agriculture to small yields. The primary agricultural products
exported by Caribbean islands are sugar, citrus, rice, bananas, avocados, green
coffee, and papaya.

However, despite the fact that the Caribbean islands are principally
agriculturally oriented, they are net importers of agricultural products. The main
U.S. ports which handle the trade related to agricultural products are Miami,
Jacksonville, New Orleans, Corpus Christi, and New York. Part of the trade is
handled by small local marine operators, and the balance by American companies
which mainly operate containerships and bulk cargo ships (Sealand, Puerto Rico

Merchant Marine).
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The fishing grounds in the Caribbean Sea are not poor; nevertheless,
lack of sophisticat=d fishing boats and methods results in poor catches. Fishing in
many islands is accomplished by small boats, usually 10 - 16 ft. long, and the
catches barely suffice to feed the local population. However, Puerto Rico has
adopted various incentives to promote fishing such as the establishment of a
Fisheries Management Council and the Fisheries Development Program. In
addition, there are shrimp and tuna processing facilities. A detailed discussion of

the Puerto Rican fishing industry is given in Appendix D.

3.1.3 Tourism and Manufacturing

Tourism for some islands is an important source of domestic income. In
1972 and in 1976, the U.S. Department of Commerce estimated that 1.2 million
tourists visited the U.S. Virgin Islands. Those tourists who travel by cruise ships
use foreign flag vessels. This is also true of tourists visiting other Caribbean
Islands. The U.S. operates very few cruise ships and none visit Caribbean ports.
Table 3-1 shows cruise ship (foreign flag) arrivals in various Caribbean ports. The
usual U.S. ports of departure are Miami, Fort Lauderdale, San Francisco, and New
York.

By world standards the manufacturing sector in the Caribbean region is
underdeveloped. The only exceptions are Puerto Rico, the U.S. Virgin Islands, Haiti
and Trinidad-Tobago. Puerto Rico has developed a diversified economy. There are
approximately 380 food processing, pharmaceutical, drug, and chemical plants.
Table 3-2 shows trade patterns between the U.S. and Puerto Rico as well as the
U.S. and other Caribbean Islands. In the U.S. Virgin Islands there is some
manufacturing activity as well. There are several watch and textile plants, and
one aluminum plant. In recent years U.S. firms have been exporting unassembled
components to Haiti for hand assembly and subsequently "re-export" to the U.S. as

finished goods.
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TABLE 3-1
CRUISE SHIP ARRIVALS IN THE BAHAMAS,
SAN JUAN PUERTO RICO AND THE U.S. VIRGIN ISLANDS

1976 1977 1978 1979 1980 E
San Juan 658 679 653 640 650 :
U.S. Virgin Islands N.A. N.A. N.A. 680 690 ?
Bahamas N.A. N.A. N.A. 523 606 |
N.A. - Not Available :
Source: Reference 3 4
1

TABLE 3-2

IMPORTS-EXPORTS BETWEEN U.S.
AND SELECTED CARIBBEAN ISLANDS

EXPORTS TO U.S. IMPORTS FROM U.S. M

Bahamas (1975) $148,594,000 $1,194,000,000
Trinidad-Tobago (1975) 371,904,901 1,402,182,600 ;
Grenada (1975) (Windward Islands) 2,978,000 427,000
St. Lucia (1975) 1,165,212 12,044,242
Haiti (1976) 69,400,000 84,500,000
U.S. Virgin Islands (1976) 1,936,000,000 3,669,506,041

Source: Reference 4
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Radios, T.V. sets and automobiles are produced in small quantities in
Trinidad-Tobago.  Approximately 11,000 automobiles were produced in 1975.

Radios and T.V. sets are sold to the Caribbean region market.

3.1.4 Raw Materials - Extracting and Processing

Bauxite is the main mineral that is produced in the Caribbean, and
Jamaica is one of the largest producers. Kaiser Corporation operates a few
bauxite mines as does the Reynolds Corporation. Kaiser Corporation, in 1979,
shipped 5,588,000 short tons of bauxite from Jamaica to its two plants in Baton
Rouge and Gramercie, Louisiana. These shipments represented approximately 124
vessel movements. However, due to the high rates charged by American shipping
companies, no American ships were utilized for any of the 124 shipments.
Reynolds primarily utilizes ships registered under foreign flags (80-90 percent).
This bauxite is shipped from Jamaica to its alumina plant in New Orleans,
Louisiana. Reynolds also operates bauxite mines in Haiti. This operation produces

approximately 750,000 short tons shipped to the New Orleans alumina plant.

3.1.5 Petroleum Exploration and Refining

In the Caribbean region, the oil refining plants are located in the Dutch
West Indies, Virgin Islands, Puerto Rico and Trinidad-Tobago. Petroleum
exploration is mainly centered in the Venezuela-Trinidad Tobago region, while
offshore petroleum activity is principally located in the Gulf of Paria off the
Western Coast of Trinidad.

The refineries at Trinidad have a processing capacity of 461,000 barrels
per day. However, this capacity exceeds that of the locally produced oil, and
additional oil must be imported from Venezuela, Columbia, Saudi Arabia and

Nigeria. Further, while the offshore drilling platforms can produce 210,000 barrels
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of crude oil per day, this oil must be shipped outside of Trinidad-Tobago because
local plants on these islands are designed to refine other types of crude oil.

The Commonwealth Oil Refinery at Guayanilla Bay in Puerto Rico

produces petroleum, gasoline, middle distillates, residuals, rubber-oils, slack wax
and lubricant base oil. This feedstock is supplied from Venezuela, the North Slope ,
of Alaska, Trinidad-Tobago and Africa. During the fiscal year 1976, Puerto Rico
exported to the U.S. petroleum products which amounted to $864 million.

In St. Croix, U.S. Virgin Islands, there is another oil refinery owned and
operated by the Amerada Hess Oil Co. This refinery processes crude oil from
Persian Gulf, (60 percent) and Venezuela, Angola and Libya (40 percent). Most of
the refined oil is shipped to New Jersey where it is distributed to retail outlets in
the East Coast of the U.S. The shipments from St. Croix to New Jersey account

for approximately 1000 vessel movements.

3.2 OCEAN BASIN ENVIRONMENT

3.2.1 Weather Conditions

The Caribbean Region is characterized by a tropical climate which is
generally favorable to the mariner. Skies are rarely overcast for long, continuous
periods and fog is rare. Adverse weather conditions which do occur can be violent
but are relatively infrequent or short-lived. The following is an account of the |

weather conditions and their effect upon navigation (Reference 5).

. roe—

o Tropical Cyclones - One out of every three cyclones escalates into a

full-fledged hurricane. These storms are a threat to the entire Caribbean area,
especially in the Bahama Islands. Cyclones are most prevalent during the late
summer and fall; however, they may strike during any time of the year. Late

summer and winter cyclones tend to develop in the Western Caribbean and move in H
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a northeasterly and northwesterly direction. In July, storms develop around the
Windward Islands. During August and September, cyclone activity shifts to the
West Indies and around Puerto Rico. Later in the season, cyclones of hurricane
intensity prevail in the Western Caribbean. These hurricanes cause gale force
winds and sometimes produce ocean waves of 35.40 feet above normal. In an
average year nine or ten tropical cyclones occur and about six of them reach
hurricane intensity.

o Winds - The trade winds that prevail over this region originate in the
clockwise circulation around the Subtropical High. In the summer when the High is
strongest and most extensive, the trades are most persistent. They are mainly
northeast through east and frequently reach 10 to 15 knots. These trade winds also
prevail along most coasts and are reinforced on the windward coasts by the sea
breeze.

o Rain, Clouds, and Fog - The rainy season occurs during late August

through September, and another period of less intensity occurs in December. Each
island has a slightly different rainy season. For instance, the heaviest rains in the
northern Bahamas fall from May through October; while in the southeastern
Bahamas, heavy rains fall from September through November. In Puerto Rico,
precipitation is greatest in October through November, and May. While cloudiness
is abundant in the area, usually completely clear skies persist for an entire day,
Average amounts range from 4 to 6/10 coverage and cloudiest periods usually
coincide with rainy seasons. Visibility is usually good except in heavy rain showers.

Along the coastal areas, fog is usually associated with the early morning hours.

3.2.2 Ocean Currents

Two major ocean currents flow past the Caribbean [slands. These are

the Antilles Current and the Caribbean Current.
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The Antilles Current originates around the Leeward Islands and flows
through the Mona and Windward Passages. It then follows a route to the northwest
past the Bahamas. The average speed of the surface current is 0.6 knot and may
reach a maximum speed of 2.0 knots. During the winter, the current moves
southward and its speed and direction varies.

The Caribbean Current is strongest in the southern part of the
Caribbean Sea. It moves to the west and has an average speed of 0.9 knot and a
maximum of 3.5 knots. It is characterized by a one-way flow through the channels
and countercurrents of up to 2.0 knots may be created along the shores of the

Caribbean.

3.3 MARINE NAVIGATION IN THE CARIBBEAN

Marine navigation in the Caribbean is a function of the generally favorable
weather conditions that prevail throughout the area and of the availabilities of the
radionavigation system in the region. In addition, the Eastern Caribbean is
characterized by deep water and the relative absence of shoals except extremely
close inshore. Because of the benign weather and hydrographic conditions and the
configuration and proximities of the island chains, visual navigation, supplemented
by radar and fathometer, is most frequently practiced by all vessels sailing in
inter-island traffic. In fact, many of the inter-island and fishing vessels carry
navigation equipment no more sophisticated than a compass.

For open water and trans-Caribbean navigation by large and high value
vessels, long range electronic navigation systems (Omega and Transit) are generally
used. Omega signals are available although this region is one of the poorer areas
for this system due to the crossing angles of the available signals and the adverse
nighttime propagation of the Liberian Station. Transit is frequently used by large
ocean-going vessels and sea going tugs. A complete discussion of radionavigation

systems and user requirements is given in Appendix A.
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Celestial navigation is still frequently used by many of the vessels which do
not have Omega or Transit aboard. These vessels include both the large and small

commercial operators and government vessels, particularly Coast Guard. In

addition, many of the purist deep water recreational sailors eschew the modern
electronic navigational methods and opt for the more traditional means,

particularly celestial.

A single LORAN-A line of position is available north of Puerto Rico and
Hispaniola but will be terminated on December 31, 1980. LORAN-C groundwave
signals from the Southeast Chain are available up to the mid-point of Cuba but
frequently can be used as far East as the Windward Passage (Between Cuba and
Hispanola). With a skilled operator and a sophisticated receiver, LORAN-C
skywave signals have been successfully used to the North of Puerto Rico and the

Virgin Islands. South of these islands including Hispaniola there is no coverage of

LORAN-A or LORAN-C.

Radiobeacons are available throughout the Caribbean, however their |
reliability is a direct function of the state of development and level of political :
stability of the country overseeing their operation and maintenance.

No other radionavigation aids (e.g. Consol, Decca) are available in the

Caribbean. However, the French Government is now in the process of installing a

Differential Omega station in Guadeloupe in the French West Indies (See Section

6.0).
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4. MARINE OPERATIONS IN THE EASTERN CARIBBEAN
4.1 INTRODUCTION

This section characterizes the maritime environment in the Caribbean in
terms of navigation in the territorial waters and Coastal Confluence Zone, the
principal trade routes and passages through the Caribbean, vessel traffic patterns
and traffic volumes, navigational hazards, ports and harbors and other marine
elements which influence the safe and efficient flow of vessels through the area.
This section also defines the principal marine users of navigation in the area in

terms of vessel characteristics and operating patterns.

4.2 REGIONS OF INTEREST

4,2.1 Coastal Confluence Zone (CCZ)

The Coastal Confluence Zone is characterized as a region of moderate
maritime traffic and reasonable proximity to the coastline and as such is an area
which requires more precise and more reliable navigation aids than on the high
seas. The Coastal Confluence Zone of the United States is that region extending
from the harbor entrance to 50 nm offshore or to the edge of the continental sheif
(100 fathom curve), whichever is greater. The designation of a Coastal Confluence
Zone in its strictest interpretation is applicable both to major land masses
(continental United States) but also to island groups (Hawaii and Puerto Rico/Virgin
Islands). In the Puerto Rico/Virgin Islands area, the Coastal Confluence Zone
extends from 16°50'W to 19°21'N and from 63°40'W to 68°50'W (Figure 4-1). This
area is roughly oval shaped and encompasses Puerto Rico and the U.S. Virgin
Islands, as well as the British Virgin Islands. To the west, a portion of the
Dominican Republic on the eastern end of the Island of Hispaniola is also included.

The Coastal Confluence Zone as defined by the Continental Shelf of the U.S. also
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impinges on certain areas of interest to this study, particularly that area off the
southeastern coast of Florida. In this region, the Coastal Confluence Zone includes

westernmost Bahama Islands including Bimini and Grand Bahama Islands.

4.2.2 Fishery Conservation Zone (FCZ)

The Fishery Conservation Zone (FCZ) was established by the Fishery
Conservation and Management Act of 1978 and as such delineates a region wherein
the United States exercises fishery management jurisdiction. Generally, this
region is defined as a zone 200 nm seaward from the baseline from which the
territorial sea is measured (Reference 6). With respect to Puerto Rico and the
Virgin Islands, the FCZ is defined in a somewhat different manner. To the north of
these islands the zone extends 200 nm from the territorial sea; however, to the
south, east, and west, the zone is defined as indicated in Figure 4-2. In the
southern direction, the zone is a maximum distance of 160 nm from the southern
limits of the territorial sea, to the west it encompasses most of the Mona Passage,
while to the east it demarcates the U.S. Virgin Islands from the British Virgin
Islands. The Caribbean Fishery Conservation Zone is of interest to this study since
it defines an area over which the Coast Guard exercises jurisdictional control in its
mission of enforcement of laws and treaties. However, at present, such fishery as
does occur within this zone is limited to regions close in shore, mainly in Vieques
Sound between the islands of Puerto Rico, Vieques, and Culebra. For a detailed

discussion of the Puerto Rico-Virgin Islands fishing industry, see Appendix D.

4.2,3 Other Eastern Caribbean Regions

As well as the Caribbean Coasta] Confluence Zone and the Fishery
Conservation Zone, there are three other principal regions in the Caribbean which

are used in this report to define traffic patterns and other maritime activity.
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These regions are:

The Lesser Antifles which inciudes the Leeward and Windward Islands

but excludes the U.S. and British Virgin Islands. This chain of islands
runs northwest-southeast and lies between 60.8°W to 63°W and 109N to

18.2°N

The Greater Antilles and the Bahamas which includes the Islands of

Cuba, Hispaniola and Jamaica but excludes Puerto Rico

North Coast of South America extending from Trinidad to the La

Guajira Peninsula of Venezuela including the offshore islands of the

Netherlands Antilles.

4.3 PRINCIPAL TRADE ROUTES AND PASSAGES

There are many trade routes utilized by vessels transiting the Caribbean.
While the routes taken are governed by the origin and destination of the vessel and
by cargo and characteristics of the vessel, there are options and variations in the
routes which depend upon the desires of the master. There are eight principal
routes which are utilized. These are shown in Figure 4-3 and were derived from
data in Reference 7. These trade routes are categorized in terms of the principal
regions of the Caribbean and are constrained by the major passages through which
the vessels must pass as they transit the area. In addition, there are minor, but
hazardous passages through the Bahamas, these are discussed in Section 4.3.3.

Traffic Separation Schemes are devised to reduce the risk of collision in
congested and/or converging areas by separating vessel traffic. While such

schemes are in effect in many areas including the East Coasts of the U.S. and
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Canada, they are not being used in the major passages of the Caribbean. Traffic
separation implies the ability of the vessel to fix its position within 0.25 nm in day
and night under all weather conditions (Reference 8). Such an ability is not present
in most regions of the Caribbean either through vessel capability or aids to
navigation. However, the expansion of LORAN-C into the Caribbean, NAVSTAR or
Differential Omega would permit the application of traffic separation lanes in

restricted passages. This concept is discussed further in section 8. "System

Benefits".

4.3.1 Caribbean Coastal Confluence Zone Trade Routes

The trade routes through the Caribbean Coastal Confluence Zone are
constrained by three principal passages: Mona Passage between Hispaniola and
Puerto Rico, Virgin Passage between Puerto Rico and the U.S. Virgin Islands, and
the Anegada Passage between the British Virgin Islands and the Island of Anguilla.
These passages, their locations, traffic patterns and navigational hazards are
summarized in Table 4-1 and were derived from data in References 9 and 10.

The Mona Passage between the islands of Hispaniola and Puerto Rico is
the principal passage for traffic from Panama to Western European ports. For
traffic from the northeast coasts of the United States and Canada, bound for ports
in the Dominican Republic or west of Curacao, Mona Island Passage is used with
traffic passing to the west of Mona Island. For ports in Puerto Rico or east of
Curacao vessels pass to the east of the island. Recent estimates indicate that this
volume of traffic is approximately 1,300 vessels per year (Reference 11).
Navigation in Mona Passage is somewhat hazardous inasmuch as there is only one
navigational aid, Mona Island Light which is partially obscured at distances greater
than 8 miles and to vessels which approach from the northeast. In addition, there

is a radiobeacon at Cape Caucedo on the Dominican Republic which provides

somewhat limited coverage of the southern approaches to Mona Passage.
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The Virgin Passage lies between Puerto Rico and the Virgin Islands and
is the principal passage for tank vessel traffic from Trinidad and the east coast of
Venezuela as well as the Amerada Hess Refinery at St. Croix. It also is the
principal passage for general cargo and passenger vessels from the east coast of
the United States to ports in the Lesser Antilles and Venezuela. In addition,

vessels en route from Panama to Europe will utilize the Virgin Passage or the

Anegada Passage depending upon final destination. Generally, traffic passes to the
west of St. Croix and St. John before diverting to the destinations. The passage is
reasonably clear and well marked with lights; there is some radio beacon coverage
from the beacons on Puerto Rico. It is estimated that approximately 1,600 vessels
utilize the Virgin Passage annually.

The Anegada Passage is between the Island of Anegada in the British
Virgin Islands and Anguilla in the Leeward Islands. It is wide and deep and has few ‘
hazards to navigation. It is the principal route from Europe and Africa to the
Caribbean; approximately 5,000 vessels use this passage each year, the majority of
which are en route to the Panama Canal. The passage is marked by a light on

Sombrero as well as some radiobeacon coverage from Saint Martin.

4.3.2 Lesser Antilles Trade Routes

While there are many passages and channels separating the islands in
the Lesser Antilles, the principal passages are the St. Lucia Channel and the
Dominicia Channel. The former lies between the islands of St. Lucia and
Martinique, while the latter is between Dominicia and Martinique. These are
relatively free of hazards to navigation. Entrance to these passages are marked by
a light on Pointe des Salmis on Martinique. In addition, there is daylight radio-
beacon coverage of the western approaches from St. Lucia. These passages are

major points of entrance to the Caribbean Sea for tank vessel traffic from Africa,
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Cape of Good Hope and the Persian Gulf. The volume of this traffic is estimated

at 500 tankers annually.

4.3.3 Greater Antilles Trade Routes

In this study the Greater Antilles is defined to include the Bahamas as
well as the islands of Hispaniola, Jamaica and Cuba. In this region there are four
principal passages: the Windward Passage between Hispaniola and Cuba; the
Crooked Island Passage in the southern Bahamas; the Caicos and Turks Island
Passage, also in the southern Bahamas; and the old Bahama Channel between the
North Coast of Cuba and the Bahama Islands. The principal characteristics of
these other passages are summarized in Table 4#-2 and are shown in Figure 4-4.

The Windward Passage lies athwart the major trade routes from U.S.
East Coast and United Kingdom ports to the Panama Canal Zone. This passage is
bounded on the west by Cape Maisi on the extreme eastern tip of Cuba and on the
east by Cap a Foux on the western tip of Hispaniola. The Passage is wide (51 nm)
and deep and can be navigated with comparative safety. Aids to navigation consist
of the Cape Maisi Light and the Point Caleta beacon at Guatanamo Bay which
provides coverage for the southern approaches. In addition, some LORAN-C
groundwave fix coverage is available from the Southeast U.S. Chain for the
northern approaches, but is unreliable in the southern approaches.

Navigation within and around the Bahama Islands must be done with
caution. The area abounds in shoal water and while hazardous to deep draft
vessels, represents one of the finest cruising regions for pleasure craft. Many of
the charts of the region are based on old and occasionally unreliable information.
In some cases, position errors may be as great as five miles. Deep water passages
through the Bahamas number more than a half dozen and present no difficulty to
full powered vessels. The principal passages through the Bahamas are Crooked

Island Passage, Caicos Passage, Turks Island Passage and Old Bahama Channel.
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Vessels that transit Windward Passage for East Coast U.S. ports
commonly use the Crooked Island Passage for transit of the southern Bahamas.
This route is shown in Figure 4-5. This passage is distinctive in that the vast
expanses of shoal water which characterize the Bahama banks to the northwest are
largely absent (Reference 5). Nevertheless, transit through this passage can be
hazardous because of the presence of Diana Bank, Brown Bank and Mira Por Vos
Cays. In addition, there is a vessel stranded on Hogsty Reef in a bolt upright
position which presents a source of dangerous confusion to the mariner. This reef
is lighted as is Castle Island, Long Cay and Long Isiand. In addition, there is radio-
beacon coverage from Great Inagua Island.

For vessels in transit from the Caribbean to Europe the Turks and
Caicos Passages are used. The Caicos Passage is between Mayaguana and Caicos
Islands and is used principally by vessels bound for Northern Europe. This passage
can be navigated safely at daylight; however because of the presence of shoal
water east of Little Inagua Island passage at night is not recommended. Instead
vessels are advised to use Crooked Island or Turks Island Passages. Turks Island
Passage lies between Caicos and Turks Island and is the principal passage for
vessels bound for the Mediterranean from the Caribbean via the Windward Passage.
In addition, it is frequently used by southbound vessels. Aids to navigation in the
area include lights on East Caicos and Grand Turk Islands as well as a light on Sand
Cay. In addition, there is a radiobeacon on Grand Turk Island.

For vessels bound from U.S. Southeast and Gulf Coast Ports to Puerto
Rico, the Florida Straits and the old Bahama Channel is used. The latter is a deep,
considerably narrow seaway which leads between Great Bahama Bank and Cuba. It
is recommended that vessels steer a mid-channel course and proceed with caution
through this passage (Reference 5). Aids to navigation are available but they are

principally on the Cuban coast and are frequently extinguished or unreliable. In
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addition, there is some groundwave LORAN-C coverage from the Southeast U.S.

Chain.

4.3.4 North Coast of South America Trade Routes

The major passage in this region is the Dragon's Mouth which separates
the Island of Trinidad from the mainland of Venezuela. Vessels depart Port of
Spain, Trinidad, transit the Gulf of Parja, proceed through the Dragon's Mouth and
enter into the Caribbean Sea. The Gulf of Paria must be navigated with care
because of the oil well platforms and drilling rigs which are located in the middle
and southern parts of the Gulf. The Dragon's Mouth is about 10.5 miles wide and,
although marked by three islands, can be easily navigated. Lighted navigation aids
are available on Chacachacare Island and there is an aeronautical radiobeacon at
Piarco.

The outlying islands off the north coast of Venezuela which include both
the Venezuelan territories and the Netherland Antilles are located far offshore and
are well separated such that navigation between and through them can be
accomplished with reasonable safety. This region generates a significant level of
petroleum traffic and worldwide tank vessel traffic originates and departs from
here. These islands are well lighted with aids to navigation and with ample radio-

beacon coverage as well.

4.3.5 Traffic Patterns and LORAN-C Coverage

The trade and traffic patterns and the assured LORAN-C coverage

provided by the Southeast U.S. Chain were synthesized to produce a matrix of
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LORAN-C availabilities for the principal passages of the Caribbean. This matrix is
shown in Figure 4-6. The assured LORAN-C coverage was based on the data given
in Appendix A together with discussions with Coast Guard officers, mariners and
fishermen accustomed to operating in the Caribbean (Appendix F). From these
discusssions, it appears that a usable LORAN-C groundwave signal of decreasing
accuracy is available from the Old Bahama Channel to the North Coast of Puerto
Rico. However, the usability of this signal is a direct function of the skill of the
mariner in the operation of the LORAN-C receiver and the degree of sophistication
of the receiver. For purposes of this comparison, the Windward Passage was
assumed to have partial coverage, and the Mona Passage -one.

In this matrix, the origins and destinations of the various U.S., foreign,
and Caribbean trade route combinations are shown as a function of the principal
passages and channels. Within each trade route, the various passages through
which the vessel may transit are identified. In some cases, more than one
alternative passage is available for the route; however, no attempt was made to
subdivide these alternatives. For each trade route, the availability of LORAN-C
was determined for each passage. In some instances, only partial coverage was
available either because there were multiple passages in the route and not all had
coverage, or because there was only partial coverage of the passage (e.g.,

Windward Passage).

Of the 57 origin-destination route combinations, 37 require transit
through one or more of the Caribbean passages or channels. Ten of these route
passage combinations have full LORAN-C coverage, in particular, those that
transit the Old Bahama Channel. Thirteen of these combinations have partial
coverage, principally those that involve the Windward Passage while the remaining

fourteen have no LORAN-C coverage. These latter routes all lie east of 70° W and
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comprise the region for the proposed increased coverage in radionavigation aids,

principally LORAN-C and Differential Omega.

4.4 PRINCIPAL PORTS AND HARBORS

4.4.1 Caribbean Coastal Confluence Zone

There are six major ports in Puerto Rico in terms of physical size,
vessel calls and tonnage handled (Figure 4-7). The principal port is San Juan on the
north coast. This port handles over 60 percent of the traffic in terms of arriving
vessels and tonnage. The second largest port is Guayanilla on the south coast of
Puerto Rico which handles 16 percent of the vessels, and 22 percent of the
tonnage. The remaining major ports are Mayaguez, Guanica, Los Mareas and
Yabucoa. Detailed data on Puerto Rico traffic is given in Appendix C.

Most of the traffic in terms of vessel arrivals and departures for ports
in Puerto Rico is inter-island which includes trade to all islands in the Caribbean,
the North Coast of South America and other ports in Puerto Rico and the Virgin
Islands. The principal tank vessel activity is in Ponce which includes the Ports of
Guayanilla and Tallaboa. This activity is primarily attributable to the giant
Commonwealth Qil refinery complex at Guayanilla. Cargo vessels generally call at
four ports: San Juan, Ponce, Mayaguez and Yabucoa with San Juan handling the
majority of the traffic. San Juan is the principal port for passenger vessels which
consists of cruise ships from North America as well as inter-island traffic.

Vessel traffic in the Virgin Islands consists principally of tank vessel
traffic to Limetree Bay at St. Croix (site of the Amerada Hess Oil Refinery), cargo
and passenger traffic to Charlotte Amalie on St. Thomas and small inter-island
cargo recreational traffic to Cruz Bay at St. John (Figure 4-7). Detailed traffic
data are given in Appendix C. Most of the Limetree Bay traffic originates in

Europe, Africa, and Mid East and is characterized by large tank vessels carrying
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crude; the refined product is carried in smaller vessels to North American East
Coast ports. This ratio of small vessels to large vessels is approximately 3 to 1 and
has remained at this level for the last three years. Virtually ali of the cargo and
passenger vessel traffic is inter-island, although all cruise ship traffic which
originally calls at other Caribbean ports is classified as inter-island despite the

fact that such vessels may originate at North American East Coast ports.

4.4.2 Lesser Antilles

The ports of the Leeward Islands of the Lesser Antilles are generally
small and large ships must anchor in the small roadsteads or on the narrow banks
off the island towns. For the most part, such port facilities as do exist, are
extremely limited. [n the Windward Islands, there are four ports which have
berthing accommodations for large vessels. These ports are Fort de France,
Martinique; Port Castries, St. Lucia; St. Georges Harbor, Grenada and Bridgetown,
Barbados. The other harbors are small, the port facilities limited and large vessels
must anchor in roadsteads to work cargo. Overall, in the entire Lesser Antilies
there are ten principal ports. Detailed traffic characteristics are given in

Appendix C.

4.4.3 Greater Antilles Including the Bahamas

In the Greater Antilles and the Bahamas there are 33 ports of various
sizes, complexities and levels of accommodations. Among these, the principal
ports are: Kingston and Montego Bay on Jamaica; Santo Domingo and Port au
Prince on Hispaniola and Freeport and Nassau in the Bahamas. Traffic from these
ports constitutes approximately 14 percent of the total U.S.-Eastern Caribbean

trade. Detailed data on these vessel movements is provided in Appendix C.
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4.,4.4 North Coast of South America

This region includes the islands of Trinidad and Tobago, the mainiand of
Venezuela and the outlying islands of Netherland Antilles. As such, this region is
marked by considerable petroleum related activity, both in exploration and
refining. In addition, bauxite, manganese and iron are also shipped from ports in
Trinidad and Venezuela. There are over thirty ports in this region of which over
half can be classified as major ports principally due to the large volume of
petroleum traffic generated. In the Netherlands Antilles and Venezuela there are
seven major oil ports in each country, assuming that the Maricaibo Lake Ports are
considered a single port. In Trinidad there are three major ports. The traffic
generated from this region accounted for approximately 25 percent of the U.S.-
Eastern Caribbean volume, of which over two-thirds was oil tanker traffic (See

Appendix C).

4.5 MARINE USERS OF NAVIGATION

4.5.1 Large Commercial Operators

In this study the large commercial operators are those vessels greater
than 1600 GT whose activities are customarily in the Eastern Caribbean. The
majority of these vessels are tankers carrying crude and refined product between
the oil producing countries, the refineries and the North American consumer;
general cargo vessels particularly container and break-bulk carriers; and, cruise
ships operating in the U.S.-Caribbean tourist trade. These vessels are further
identified as U.S. Flag and Foreign Flag vessels. Because of the limitations of the
data base, no attempt was made to identify those U.S. owned-Foreign Flag vessels
(flags of convenience). Further, the data were limited to those vessels engaged in

U.S. trade (including Puerto Rico and the U.S. Virgin Islands). Also included in this

category are government owned vessels, and vessels engaged in resource




exploration, oceanography, hydrography and other special operations where
accurate radiolocation determination is important and cost relatively minor in

importance.

4.5.2 Small Commercial Operators

This category consists of the smaller marine vessels (less than 1600 GT)
whose operations are generally constrained to offshore and inter-island trade.
Included in this category are seagoing tugs and barges, coastal cargo and passenger
vessels and offshore service vessels. Only U.S, Flag vessels or Foreign Flag vessels
engaged in the support of U.S. trade are considered. This category comprises most
of the inter-island traffic as well as traffic to the mainland U.S. Southern and Gulf

Coast Ports.

4.5.3 Commercial Fishing and Commercial Sport Fishing

Commercial Fishing Vessels are those vessels habitually engaged in
fishing operations from which the captain and crew derive their principal source of
income from the landing of fish. Commercial sport fishing vessels are vessels
available for charter or hire by private parties and any income derived from the
landing of fish is incidental to the basic mode of operations. Only U.S. (Puerto
Rico and Virgin Islands) fishing vessels are considered. A detailed analysis of the

Puerto Rico-Virgin Islands fishing industry is given in Appendix D.

4.5.4 Recreational Boats

This category of vessels includes cabin cruisers, sailboats, and yachts
whose principal operations are in pursuit of leisure time activities. Also included
are those recreational boats in the Eastern Caribbean which are available for

charter, either bareboat or with crew. This category consists principally of those
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vessels registered in Puerto Rico or the U.S. Virgin Islands. In addition, those
recreational boats which are registered in the U.S. mainland but which habitually
cruise to this region are also included. No foreign registered vessels are

considered.
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5.  VESSEL TRAFFIC AND POPULATIONS
5.1 INTRODUCTION

This section provides an estimate of the traffic between the U.S, and the
Eastern Caribbean, a determination of the number of vessels generating the
traffic, and an identification of the users of LORAN-C should this system be
expanded into the Eastern Caribbean. This section also projects traffic, vessel
populations, and LORAN-C users through the year 2000. Only summaries are
presented. Appendices C, D and E show the data sources, methods used to derive
the traffic and population estimates as well as detailed tables presenting this
information.

Two concepts, vesse] traffic and vessel population, are very often used in this
analysis and they require some further clarification. Traffic refers to the vessel
movements from port to port. Traffic is a dynamic concept because it changes
over time and reflects time-dependent trade among nations. Vessel population, on
the other hand, refers to the number of vessels generating the traffic. Vessels
whose movements are such that they have no destination, but rather habitually
return to the same port (e.g., fishing vessels), or are random in nature (e.g., tramp
vessels) are difficult to estimate. Because of these latter limitations only vessels

with definite origins and destinations were deemed to generate traffic.

5.2 VESSEL TRAFFIC

Traffic estimates were developed for the following vessel categories:

Large Commercial Vessels, principally ocean-going

passenger and tank vessels

Small Vessels, principally those engaged in inter-island activities.

-




5.2.1 Large Commercial Vessels

Three traffic patterns were developed to estimate the traffic between

U.S. and Eastern Caribbean for large ocean-going vessels. The nature of the data
base required that the data be segregated in this manner. These patterns are as
follows:

o U.S. to Eastern Caribbean excluding Puerto Rico and the U.S. l

Virgin Islands

o U.S. to Puerto Rico

o U.S. to U.S. Virgin Islands

General cargo and oil tanker traffic estimates were developed for each of the

above patterns. Passenger vessels were included with the general cargo vessels.

The traffic generated by U.S. flag vessels versus foreign flag vessels was also

EPPRee

estimated. The scope of this study did not include large vessel traffic passing
through the Caribbean. Similarly, the traffic generated by large vessels which
sailed from a foreign port in the Caribbean (non-U.S. territory) to another foreign
port either in the Caribbean or elsewhere was not included.

The traffic for all three patterns is presented in Table 5-1. The annual
traffic between U.S. and the Eastern Caribbean consisted of 18,524 moves*. The

heaviest traffic occurred between the Gulf ports and the North Coast of South

America, accounting for almost 21.4 percent of the total traffic, or 3,974 moves.

* A vessel move is defined as the movement of a vessel transiting a given region or
sector of the Eastern Caribbean. Vessel moves are estimates, however, and

calculations were not rounded for consistency purposes.
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The majority were generated by oil tankers which accounted for 3,038 moves or
76.4 percent of this traffic. Most of the oil tankers transported crude oil from
Venezuela to the Gulf Coast refineries. The traffic between mid-Atlantic ports
and the North Coast of South America accounted for 2,412 moves, the majority of
which, 2,004, were due to oil tanker traffic, This tanker traffic was mainly refined
product from the refineries located in Aruba.

Similarly, the traffic between New England ports and the North Coast
of South America was generated excusively by oil tankers transporting refined
product from Aruba to Portland, Maine and Boston, Massachusetts. The traffic
between southern ports and this region consisted of 2,184 moves which accounted
for approximately 23 percent of the total traffic between U.S. and the North Coast
of South America. Approximately 69 percent, or 1,500 moves, of this traffic were
generated by general cargo vessels.

The traffic between the Greater Antilles and the U.S. consisted of
2,568 moves or 13.8 percent of the total traffic generated between U.S. - Eastern
Caribbean traffic. Southern ports accounted for the majority of this traffic, 1,248
moves of which nearly all were due to general cargo vessels. Likewise, most of the
Gulf port traffic (984 moves) was generated by general cargo vessels. New England
and Mid-Atlantic ports handled 60 and 276 moves, respectively. All of this latter
activity was due to general cargo vessels.

The least amount of Eastern Caribbean traffic was between the Lesser
Antilles and the U.S. which accounted for only 840 moves or 4 percent of the total.
Southern ports handled the majority of this movement (57 percent). In all, general
cargo vessels generated 828 moves and oil tankers 12 moves.

The traffic between the U.S. and Puerto Rico consisted of 4,214 moves,

accounting for 22.4 percent of the total traffic generated between the U.S. and

e



Eastern Caribbean Ports. Southern ports handled most of this traffic (43 percent)
which was generated exclusively by general cargo vessels. Gulf ports handled 1,136
moves, of which 1,028 were general cargo and the remaining, oil tankers (108).
New England and Mid-Atlantic ports handled 256 and 1,026 moves, respectively.
These moves were all general cargo vessels.

The traffic between the U.S. and the U.S. Virgin Islands consisted of
1,440 moves accounting for 7.7 percent of the total traffic between the U.S. and
the Eastern Caribbean. The majority of this traffic, 1,200 moves, was due to oil
tanker movements from St. Croix. Southern ports handled the majority of the
traffic, 564 moves of which 204 were generaf cargo and 360 oil tankers. Southern
ports handled all the general cargo traffic generated between the U.S. and the U.S.
virgin Istands. New England, Mid-Atlantic and Gulf ports handled 216, 420, and 240
oil tanker moves, respectively.

A detailed discussion of the traffic generated between Puerto Rico and
other Caribbean and non-Caribbean ports as well as between U.S, Virgin Islands and
other Caribbean and non-Caribbean ports is presented in Appendix C.

The split of traffic handled by U.S. flag vessels and foreign flag vessels
is shown in Table 5-2. Of a total of 7,950 tanker moves, foreign flag vessels
handled 7,400 shipments. The balance (550 moves) was handled by U.S. flag
tankers. U.S. general cargo vessels accounted for 3,764 moves, or 36 percent out
of a total of 16,435 moves.

Large commercial vessels generated approximately 66 percent of the

total traffic and small commercial vessels generated 34 percent.

5.2.2 Small Commercial Vessels

Small commercial vessels accounted for approximately 6298 moves or

34 percent of the total U.S. to Eastern Caribbean traffic. The majority of these
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moves, 2737 or 43.5 percent were in the U.S.-Puerto Rico trade. In this activity,
U.S flag small vessels (less than 1000 gross tons) generated approximately 2234
transits while small foreign flag vessels accounted for 503 transits. This traffic
was prinicpally to the U.S. mainland, Gulf Coast and southern ports. Of the
remaining traffic, 3561 moves were handled by foreign flag small vessels operating
primarily in the U.S. to Greater and Lesser Antilles trade routes.

However, most of the small vessel activity in the Caribbean was from
Puerto Rico and the Virgin Islands to other Caribbean ports. The inter-island
traffic from Puerto Rico consisted principally of tugs and barges and small cargo
and tank vessels and amounted to 5400 moves. Of this figure, 5004 moves were
handled by small cargo vessels, the balance by barges and small oil tankers. In
addition, there were 1908 moves between Puerto Rico and the North Coast of
South America of which 1452 moves were handled by cargo vessels and the balance
by oil tankers. No data were available as to the distribution between small and
large vessels.

Inter-island traffic originating or terminating in Virgin Island ports
amounted to [5,804 moves or 94 percent of the total traffic generated by the
Virgin Islands to foreign ports. This traffic was attributable primarily to small
passenger and cargo vessels and recreational boats having an identifiable traffic

pattern (e.g., charter boats).

5.2.3 Traffic Densities

Using the data discussed previously in this section together with the
detailed data base given in Appendix C, traffic densities for the large and small
vessels were determined as a function of the principal trade routes through the
Caribbean. The trade routes used were those discussed in Section 4,3 and were

further subdivided to reflect the four mainland U.S. regions used in the vessel

o




traffic analysis (New England, Mid Atlantic, South and Gulf Coast). These routes
provided the basis for the analysis of traffic density flows.

Traffic was assumed to flow via the most direct route. When two equal
routes were available such that it was indifferent as to which one to use, the
traffic was assumed to be equally divided. Where origins and destinations
incorporated large regions, e.g., North Coast of South America and U.S. Gulf ports,
the traffic was divided based on cargo and vessel function. For examplie, crude oil
traffic moved from Venezuela to the western Gulf refineries at Galveston and Port
Arthur via the Yucatan Channel, while refined product and general cargo moved to
the Eastern Gulf ports via the Windward Passage and Old Bahama Channel. This
analysis yielded commodity-specific traffic flows.

Traffic was separated into segments as it diverted to the various
regions. The number of vessels was then determined for each route segment as it
merged or diverted into the various traffic patterns. The results of this traffic
density analysis are depicted in Figure 5-1. This figure shows not only the various
route structures, but also the amount of vessel activity associated with each
structure.

This traffic was divided into four categories of activity: low (less than
3000 transits per year), low to moderate (3000 - 6000 transits), moderate to high
(6000 - 9000 transits), and high (greater than 9000 transits). The two regions of
greatest activity are the North Coast of Venezuela and the Lesser - Greater
Antilles trade routes. This latter region consists principally of inter-island traffic,
while the former is predominantly oil tanker traffic. As this latter traffic
proceeds northward it separates and divides into that bound for the western Gulf
ports and that bound for ports on the Eastern Gulf Coast, Southern and Eastern
Seaboards and Europe. The traffic bound for the southern and eastern Gulf ports

merges with traffic from Puerto Rico and the Virgin Islands bound for the same
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destinations to form regions of moderate to high traffic density. On the other
hand, the remaining traffic which flows northward has separated into several
distinct patterns of moderate density. Some of this traffic terminates at Puerto
Rico and the Virgin Isiands while other segments have separated into traffic bound
for the Southern, Mid Atlantic and New England ports as well as Europe. All of
these latter elements are in the low to moderate traffic density range.

With respect to the traffic density in the various passages in the
Eastern Caribbean, the areas surrounding the Virgin Islands are regions of greatest
density, in particular the Virgin and the Anegada Passages. On the other hand, the

traffic through the Windward and Mona Passages are of low to moderate density;

however, this does not reflect European traffic enroute to the Panama Canal. The
Old Bahama Channel and the Bahama Passages are of moderate to high density and
reflect the inter-island and coast-wise traffic bound for southern and Gulf coast

ports. Regions of little to no activity lie in the central and eastern sectors of the

Caribbean away from the principal traffic patterns.

5.3 VESSEL POPULATIONS 1

5.3.1 Commercial Vessels

AP &

The number of large commercial vessels customarily operating in

support of U.S, trade in the Caribbean was estimated at 350 vessels of which 175

are tankers, the balance are general cargo vessels. Of the tankers, 120 to 150 are
foreign flag oil tankers transporting refined product to U.S. from Puerto Rico, U.S.
Virgin Islands, Aruba and Venezuela. They also transport crude product from the

Persian Gulf, Africa and the North Coast of South America to Puerto Rico and U.S.

T T

Virgin Islands. Approximately 25 U.S. flag oil tankers transport refined oil from
U.S. Virgin Islands to the continental U.S, and crude product from the north coast

of South America to the U.S.
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Approximately 80 to 100 foreign flag, general cargo vessels operate
habitually in the Caribbean area. Most of the vessels handie the trade between the
U.S. and the North Coast of South America and the U.S. and the Greater Antilles.
The number of U.S, flag, general cargo vessels operating in the Caribbean is 75
vessels. These vessels predominantly operate between U.S. and Puerto Rico. The
major U.S. maritime companies operating in the Eastern Caribbean region are as
follows:

No. of Vessels

Puerto Rican Merchant Marine 12
(Navieras de Puerto Rico)

Sealand 8
Delta S.S. Lines 18
United States Lines 9

The number of small commercial vessels (tug/tow, small cargo, barges and others)
handling the trade between the U.S. and Eastern Caribbean, as well as the trade
among the Caribbean Islands was estimated as approximately 220 units. The
number of U.S. flag vessels was estimated to be approximately 70 vessels, the

remainder are foreign flag.

5.3.2 Fishing and Commercial Sport Fishing

The fishing vessels which operate in Puerto Rico and the U.S. Virgin
Islands were classified into two categories: commercial fishing vessels and
commercial sport fishing vessels. The former category refers to those vessels

whose operator and crew members derive their primary income from the fish they
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land. The latter category includes vessels whose operators charter them to private
parties for a fee,

The population of the fishing vessels registered in Puerto Rico and the
U.S. Virgin Islands is shown in Table 5-3. The combined populations of both Puerto
Rico and U.S. Virgin Islands fishing vessels consist of 1524 to 1604 vessels.
Information on the sizes and distribution of the commercial fishing vessels
registered in the U.S. Virgin Islands is not currently available and the best
estimates available indicate that the vessel population ranges between 420-500
vessels (Reference 12, 13). On the other hand, the estimates of the Puerto Rican -

fishing vessels are considered to be reasonably accurate due to the detailed

analysis of the current status and future directions of the Puerto Rican fishing

~ ™~ — - -
Con e At aa .

industry (Appendix D). The majority of the fishing vessels are small boats, 10 to 30

feet in length and tend to operate 1 to 50 miles from the shore. Very few vessels,

——rr

approximately 45 units, are greater than 30 feet in length and these sail to Saba

Bank and St. Martin (30 units) and to the North Coast of South America.

5.3.3 Recreational Boats !

Included in this group were all pleasure boats which are registered and
documented in Puerto Rico and the U.S. Virgin Islands such as sailboats, cabin
cruisers, and yachts (greater than 50 feet). Table 5-4 shows the pleasure craft
populations of Puerto Rico and the U.S. Virgin Islands in 1978. The number of
boats registered in Puerto Rico consists of 17,468 units. Approximately 15,501 or
89 percent, were up to 26 feet, 1972 boats or 11 percent were over 26 feet and only
192 boats were greater than 40 feet. The number of boats registered in the U.S.
Virgin Islands consists of 2,567 units. Approximately 264 boats are greater than 40

feet. The total number of boats registered in Puerto Rico and the U.S. Virgin

Islands in 1978 were 20,035.
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In order to derive the total number of recreational craft operating in
the Eastern Caribbean which are registered under U.S. flag, the number of
recreational boats cruising from the continental U.S. through the Bahamas to the
Eastern Caribbean should be added. There are approximately 870 boats in this
category which cruise to the Caribbean each year. Thus, the total number of U.S.

flag recreational boats is approximately 20,905.

5.4 PROJECTED TRAFFIC AND POPULATIONS

The U.S. to Eastern Caribbean traffic will increase modestly over the next
twenty year period. These assumptions are based on MARAD projections and
discussions with the Puerto Rican Economic Development Commission (References
14, 15). Table 5-5 indicates that the traffic between U.S. and Eastern Caribbean
will increase by 7,300 moves or 40 percent. Approximately 5,171 moves, or 7!
percent of the increased traffic volume will be generated in the U.S. to the North
Coast of South America trade. This substantial traffic growth is due to 17.5
percent increase anticipated in oil tanker traffic. Traffic between the U.S. and
Puerto Rico will increase by 1387 moves, or 24 percent and reflects the continued
economic growth of this region. This increase will be generated principally by
general cargo vessels and cruise ships. The traffic between the U.S. and the U.S.
Virgin Islands will not change substantially. General cargo traffic will change only
by approximately 180 moves because the additional tonnage will be shipped on
larger vessels. At present the Amerada Hess oil refinery in St. Croix, operates
close to full capacity (Reference 16) and, therefore, unless the current facilities
are expanded, the oil traffic will not change substantially from the Virgin Islands.
The traffic between the U.S. and the Greater and Lesser Antilles was projected to

change by approximately 550 vessel moves. The additional traffic will be

generated by general cargo vessels.
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The population of large commercial vessels will not be affected by the
projected additional trade. However, the character and mix of these vessels will
change because of the improvements in the operating efficiency 